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1. Introduction

A wide ‘.‘~zr1i.ty of methods have been proposed for smoothina

noi~iy lm4gen;  see [1] for an introcJuction to this sub)ect. Most

of these ~ tt~.od~ i~ :’?:) 1v~ s r u~ ty~
)( of local  averaging , since in

a u n i  f o r ’ t on , av ray  i pr~~s i r  ~~~ the mean g ray  leve l

w h i t .  r e Ju c i : . ; t he  vari~tb i1~~ty. However , simple local averag-

ing ~1urs ~~~~ wh~~ch ~s ~ i d . • s i r a L . 1e .  A number of methods

h~iv.  bt~~~ 1.• . s~~ 1 to r & ~se: ~~~~ ~~~~ sharpness whi ’ e s t i l l  a c h i e v—

i:i~ ; L  ~~~
.. 

~~~~~ 
.
~~~~

. f :r,~~’!~ .1 ~~;~~~~~; t L r  •x a mp l e , one can take a local

m e d . . t n  ~~~~~ ~~ of a )o ’ i l  ~~~~~~ ~~ one can aver aqe  on ly  a

sele ted ~~~~ ~~~~~ c~~f .
~~~~t : ?~ ~~~~~~ 

‘ , : .~~: j~~t~t r s , chosen in  such a

wav~~~.~~ t~.. .~ re ~~~~• 1 . ’ ‘ ~~~ r.~ t ~h, name reg ion as the

po t :t ~t.ce f . Many f ~~~~~~~~~~~~ ~~~~~~~~ are compared in (2).

T~.:g i~~~ r~ ~~~~~~~ . 1 : o ~ ; s’~~.’r~~ n ’~w :mage smooth ing  t echn iques ,

• ~~~~~~~ c;~. r- : 1e~ of • ~; . i r ~~~~~~~ f o ~ ~~~~~~~ Sec ti n 2 dea ls  w i t h

t uc :~n~ ~~ . : . ‘ S  ~qq~~~ (~~~
- 

l~~~~~ : : . ; a ~ ‘ r i ~~~~ w i h  five of its consecu—

tlV . ~~~~~~~~ r:, ~~~~1 ) ~~~ u:o s method s based c~. w e i g h t e d  ave rag—

.n~, ,  w her e  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~ ~ neighbor depends on how close

that. n’~ ;hh~ r n  ~ray 1 : . 1 i:. ~~~~ (~f th.~ p~~ nt . Section 4

~ rr .~th ’:d ; ?~~ .i ~~~~~~~ •~~~~ I j ioba l r~~hal~i l i  t ies ,  rather

than ;ray levels, t ch: os~ the  ijhhcr~ with which to average.

The methods w.’re n c c ~ s fu ~ t v a r v ~~r.~ !e;rceS : several

of thøm seen to be p~ tcnt ially useful.

For ccn , arison purposes , the methods were al’ tested on the

same two ~ic~~ res that were ~;sed in [2). These pictures are

shown as parts (a) of Figures 1-2. Figure la is a 128 x 128

— 
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picture of an octagon of gray level 33 (on a scale of 0-63)

on a background of gray level 28, with Gaussian noise of

- - 0. : — 5 added. Figure 2a is a 127 x 127 portion of a

LANDSAT picture , with Gaussian noise of ~ — 0 , a - 8 addsd .

As a comparison standard , the results of applying one of the

best methods used in (2] to these two pictures are shown in

Figures 1-2. In this method , each point is averaged with

the five of i t s  neighbors  that are closest to it in gray

level. (Rationale: If the poi:~t is on a relatively straight

edge between regions , about five of its neighbors should belong

to the same region as it does.) This process is iterat d~

~art. b-h of F igure s  1-2 show iterations l ,..., 7. We see that

this results in strong smoothing but does not blur edges, par-

ticularly in thr case of Figure 2.
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2.  H a l f -neighb orhood  methods

The fiv e- n e i g h b or method i l l u s t r a t e d  in F igu re s  1-2 is

expected to choose th ae neighbors which lie in the same region

as the qiver~ point , when the po in t  lies on an edge. A more

refined criterion mig ht retIu~ re that these neighbors be conse-

cutive , since if the point is on a relatively straight edge,

it shuuld hays fivi consecutive nei ghbors that belong to the

it r eg~~~n is it does.

T~ d.fi:.o st ~ch a c r i t e r i o n ,  let  N be the set of ei ght

:~e i j h ~~~r s  of ~~.e ~~~~n t  I , and  lo t  N — N
1 

U N2, where N1 is

a 5e o~ t~~r o  cOnB ’ c ut . : v . •  n e i g hbo r~ and N 2 consis ts  of the

f v e  ri’ 1 ::.’~~ i:oi~~hbors .  The t i g h t  poss ible  choices of N 1
a : .  ~~ w:~ b. ~ 

(
~i~~t er 1  sk i  d. n ot  e ne ighbo r s  in N 1

)... a .  a
p 

~~
. P •P

a. I .e  a a  *

a n :  N 2 l. :; ‘ .- t he  ave r a ’Jv g r a y  levels  of N 1 and N2 .

~~~~~~ i~~~r~~.t ba sed n t he  U N , ~cnccpt were investi gated:

a) ‘~se th. ~., for w h i c h  is closest to the gray level of

P. f f r this N
2 

wi. have I~~1~~~2
I . t , average P w i t h

: Oth .r’.is’ ivc r~e;c’ i t  w i t h  a l l  of N.  ( I f  N 1 N 2 1 .. t

we assumt that P is on a region edge; if not , we assume

that it is interior to a region.) Results using five itera-

tions of this method are shown in Figures 3-4 for t 30,

in Figures 5—6 for t — 10 , and In  Figures  7-8 for  t 0

(i.e. , ws always average P with N2). There is little

(11fferenr e among the cases, and the results are more blurry

than those in Figures 1-2.

- —
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b) Choose the N 2 for  which I N 1 N2! is greatest. It this is

greater than t, average P with N 2; otherwise , avera ge

it with all of N.  In other words , we pick the strongest

edge through P’s neighborhood, and if this edge is strong

enough , we average P only with the half-neighborhood on

its own side of the edge. Results using five iterations of

th is  method are shown in Figures 9-10 for t — 30 and in

Fi gures 11— 12 fo r  t — 10; the va lue  of t makes little

difference. For the LMDSAT image , this method produces

exce l l en t  smoothing and sharp borders , though it does in tro-

duce a sli ght jaggedness in the borders.
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3. Neiyhbor-weighting method s

The method used in Fi gures 1-2 can be regarded as a

wetghted ” ave rag ing  schi .ne in w h i c h  the f i v e  ne ig hbors

that have gr a y  levels  closest to t h a t  of P are  g iven w e i g h t s

of each (as  is P i t s e l f ) ,  w h i l e  the three r e m a i n i n g

nei ;Lbors a x e  g iven  w e ig h t s  of ze ro .  A ~s o f t e r ” approach

mi ;~~~~~ be t~ y . v e  the n e i g h bo r s  w e i gh t s  t h a t  depend on the

J~~f tei :.~~~ ; :f t h e i r  &; r ay  l eve l s  f r o m  t h a t  of 1 , w i t h  closer

~~r~ t ;  ~evc~~ i~~~i~~ing higher w e i g h t s .  i~~o versions of this ap—

z~ .t:h ~~i. t o  ‘red , in w~~~cL the xe~~a tiv e  wei ght  g iven  to a

ne~ 7hb ~’r f P wa s l a t e  rmi : t ~d as t (:1 lows:

~ ) 4 , i f  5; 1, ‘thcrw1si.~

h )  - P-~ 1/5, if P- 5; 0, otherwise

~‘~s .i~~ts usin; three ito r a * ions ~ each of these methods are

~~~~~ ~~~~~. in Fi• ;~~r i ’s  1 3 — 1 4  a n - I  1 5 — I f , r e s p e c tiv e l y .  We see that

n ’ ]  ( a )  smooths well, but also blurs slightly, while method

~b) d s’s ri. e1imi:ata ~ high—contrast noise (note that it does

riu smoothin~ at  a l l  if ever y  nei ghbo r d i f f e r s  from P by more

t h a n  f i v i ’  g r a y  levels)

Another idea which was a l so  t r ie d  was to average w i t h  a l l

neighbo r s  i f  the v a r i a b i l i t y  of the neighborhood was smal l ,

an ]  w i t h  o n l y the most s i m i l a r  nei ghbors  i t  i t  was large . In

the  i m p l e m ent a t i o n , v a r i a b i l i t y  was measured by v s
Q

where  ~ is the mean g ray  level of the neighbors; i t  V 6,

we averaged with only the three closest neighbors, and if

— -  -~~~ - -~ -~~~~~~~~~~~~
- - -
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v < 6, with all eight neighbors. The results , shown in

Figures 17—18 for three iterations, are relativ.ly smooth

and sharp , but noise is preserved in the vicinity of edges.

This method is related to, but simpler than , the method

described in Section 2.8 of (23 .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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4. P r o b a b i l i t y- b a s e d  me t hods

Rather than choosing neighbors for averaging based on

their gray levels , one can choose them based on the probabili-

ties of their gray levels , as estimated from the histogram of

the picture. In particular . suppose that we average P with

those of its neighbors whose probab ilities are most s imi la r

to that of P; if P is on an edge between two regions, these

neighbors should be likely to lie i:. the same reg ion as P.

L n f o r t u n a t e i y ,  t h i s  idea does not work well in practice , as

seen i rom Figures 19—20, wh ich show the results of three itera-

~ i : ~s of ~1v or a o u . y  with the seven ’ n e i g h b o rs  having most s i m i l a r

:~~L.: i~~L i ~~~cs; c o n s i d e r a b l e  b l u r  is  e v i d e n t .

~t r. ’ i r.~~.~:e S t i n g  results are :htained if we average w i t h

-h . ’ r ic i  ~h~~)r s  ~~~.it  have  ~~~j he st  p r L ] i a b ll l t i o s ;  a d j a c e n t  to an

~~~~~~~ ~~) edge , t h i s  w i l l .  fav2 r a v e r a g i n g  with points interior

~ th. r e g i o n ,  w h i c h  shou ld  have h qher-probability gray levels

than ~~nt.; on the edge slop e itøelf . FIgures 21-22 show results

• f ~~~~~~~~~~~ itera ions, u s i n g  the sever  moat probable neighbors.

:iere s~a11 regions are smoothed out, but the borders between

large : . - ; i o n s  r em ai n  r e l a t i v e l y  sh a r ~~ .

A: ,cthcr p s ’.ibi~~ity is t~~ base the neig hbor selection on

tha piobab ility of the difference value (e.g., dig ital gradient

r :r -t n-tt ~ide absolute laplacian val’.~e )  at the neighbo r , rather

n~~r. cri the probability of the neighbor ’s gr ay level. If P is

ad~ acent to art edge, the ne ig hbors l y i n g  in the region should

have d:fferencc value probabilities that are higher, and closer

Thes e techniques were also tested using five neighbors instead
of seven; the LANDSAT picture was somewhat less blurred when
five were used , but using the five most probable neighbors
~ota 1J y erased the octagon .
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to that  of P. than the neighbors that lie on the edge ramp .

Figures  2 3 -2 4  and 25-26 show r e s u l t s  of three iterations

using the seven neighbors with closest gradient and L.aplacian

probabilities , respectively; these results are blurry . Figures

27-28 and 29-30 show results of five iterations using the seven

neig hbors with highest gradient and Laplacian probabilities,

respectively; these results too are blurry , but the Laplacian

results are not too bad .

Still another approach ii to choose neighbors based on

Joint r-robabil i ies of pairs of properties , e.g., gray level

•ir.d gradient , gray level and Laplacian , or gray level and local

average gray level. Adjacent to an edge, these joint probabili—

‘leS should be higher, and closer t c ~ that of P, for neighbors

that l i t  in the same region as P. Figures 31— 32 , 33—34 , and

35-36 show three-iteration results for the closest joint pro—

babi1~~’~ es of g:ay level and gradient , gray level and Laplacian ,

and gray level ~nd local average gray level, resp.ctivsly .

~1gures J -3P , 39—40 , and 41-42 are analogous using highest

joint probabili ties. Like the previous methods, all of these

give blurry results.
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5. C o n c l ud i r ~j  r em arks

A l l  of the methods descr ibed in t h i s  report  seemed l oten-

I all y reasonable, bu on I y a a~~ - O~~ them u c t  ua I ly  achieved

•~~od sm o o t h i n ;  w i t h o u t  h l u r n i n q . ~~~t have  - i . sc r xb e d  both the

suc usf u I  •o u - .c~~ei. st  u l  ~n s t h o is , s~ n ’  ev en  the negative

reuul’ s o ~~ ust ’tul ‘. r i  ~~~ r v i : . ; ou: ins i ~~ ~ ; a t ~~’ t he  c a p a b i l i —

t i e~- ot rnt~~~n ‘ I s .
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N os. Caption

33-34 Same for (gray level, Laplacian)

35-36 Same for (gray level , average gray
leve l )

J’-42 Analogous to Figures 31-36 , but using
h i g h e s t  j o i n t  probabilities
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